Abstract
solutions by the addition of excess NH 4 PF 6 or NaBPh 4 , and are stable solids, soluble in chlorinated hydrocarbon solvents such as CH 2 Cl 2 and CHCl 3 .
The attempted synthesis of PhC(=NNHC(S)NH 2 )CH 2 Cl from phenacyl chloride and thiosemicarbazide was not successful because of a cyclisation reaction leading to the formation of a 1,3,4-thiadiazine-2-amine derivative. 22 An alternative attempted reaction of thiosemicarbazide with [Pt 2 (µ-S){µ-SCH 2 C(O)Ph}(PPh 3 ) 4 ] + 3a was also unsuccessful, with no peak in the ESI mass spectrum attributable to the target product resulting from semicarbazone formation.
The mixed thiolate-sulfide complexes show the expected spectroscopic features for this class of complex. The ESI mass spectra at a low cone voltage (20 V) 6 showing a triplet resonance, due to coupling of the CH 2 protons to two of the PPh 3 phosphorus atoms, together with broad satellites due to 195 Pt coupling of 36 Hz. The 1 H NMR signal for the NH 2 protons in the semicarbazones 3e and 3f and the thiosemicarbazone 3i derivatives appeared broad, due to exchange. The same effect was observed for the OH proton of the oxime derivative 3g. 4 ]PF 6 3o·PF 6 were carried out to confirm the structures of the complexes and to provide comparison with structures of monoalkylated derivatives that have been previously reported. Selected bond lengths and angles are presented in Tables 1-5, and the molecular structures and atom numbering schemes are shown in Figures 3-7 , respectively.
X-ray structure determinations
The structures reveal the typical hinged butterfly conformation of the {Pt 2 S 2 } ring,
with square-planar platinum(II) centres. 2 , where all the Pt-P bond distances appear statistically the same, due to the poorer quality of the structure determination.
In all five complexes the alkyl substituents adopt the typical preferred exo orientation 23,25,26 and point away from the bulky triphenylphosphine ligands on the {Pt 2 S 2 } core. However, there are subtle differences, as illustrated in Figure 8 . For example in the phenacylthiolate complex 3a·BPh 4 ( Figure 8a ) the bulky phenyl ring adopts a position outside of the {Pt 2 S 2 } core, thus placing the sterically non-demanding ketone group above the core.
In contrast, the closely related semicarbazone complex 3e·PF 6 has the opposite arrangement, with the phenyl ring occupying a pocket formed by two PPh 3 ligands on Pt(1) and the semicarbazone group projecting out from the {Pt 2 S 2 } core, Figure 8b . 
Preparation of [Pt 2 (-S){-SCH

Preparation of [Pt 2 (-S){-SCH 2 C(=NNHC(O)NH 2 )Ph}(PPh 3 ) 4 ]PF 6 3e·PF 6
PhC(=NNHC(O)NH 2 )CH 2 Cl 2e (16.9 mg, 0.0798 mmol) was added to 1 (100 mg, 0.0665 mmol) in methanol (30 mL). The mixture was stirred at room temperature for 1 h to give a pale yellow solution. The solution was filtered to remove traces of solid matter and excess NH 4 PF 6 (150 mg, 0.92 mmol) was added, followed by distilled water (60 mL) to induce precipitation. The product was filtered, washed with water (20 mL) and diethyl ether (20 mL) and dried under vacuum to give 3e·PF 6 as a pale yellow powder (109 mg, 90% Light yellow crystals of 3h·(PF 6 ) 2 suitable for X-ray crystallographic analysis were obtained by vapour diffusion of pentane into a dichloromethane solution. 
Preparation of [Pt 2 (-S){-SCH 2 C(=NNHC(S)NH
Preparation of [Pt 2 (-S){-SCH 2 C(=NNHTs)CH
Preparation of [Pt 2 (µ-S){µ-SCH 2 CH 2 NHC(O)N(CH 2 CH 2 ) 2 S}(PPh 3 ) 4 ]PF 6 3m·PF 6
The thiomorpholine-derived chloride 2m (13.3 mg, 0.0639 mmol) was added to 1 (80 mg, 0.053 mmol) in methanol (20 mL). The mixture was stirred at room temperature for 24 h to give a pale yellow solution. The solution was filtered to remove traces of solid matter and excess NH 4 PF 6 (100 mg, 0.61 mmol) was added, followed by distilled water (40 mL). The product was isolated by filtration, washed with water (40 mL) and diethyl ether (40 mL) and vacuum dried to give 3m·PF 6 Pale yellow crystals of 3o·PF 6 suitable for X-ray crystallographic analysis were obtained by vapour diffusion of diethyl ether into a dichloromethane solution.
Preparation of [Pt 2 (-S){-SCH 2 C(O)NHC(O)NHCH
X-ray structure determinations
All data were obtained on a Bruker SMART CCD diffractometer at the University of Auckland and were corrected for absorption using a multi-scan method. 43 Structures were solved by the direct methods option of SHELXS-97 44 to give the location of the platinum atoms. All other non-hydrogen atoms were located from a series of difference maps. Fullmatrix least-squares refinement (SHELXL-97) 45 was based on F o 2 with all non-hydrogen atoms anisotropic and hydrogen atoms in calculated positions, except as noted otherwise below. The crystal data and structure refinement parameter details are given in Table 7 .
The crystal of 3e·PF 6 did not diffract very strongly, so the data were weaker than usual. A final peak in the penultimate difference map was assigned as the oxygen atom of a water molecule, hydrogen bonded to the C=O of the main molecule and to an F atom of the anion. The H atoms of the water molecule were not included in the refinement.
The structure of 3h·(PF 6 ) 2 was solved by direct methods and developed routinely to
give the core of the dication. Subsequent difference maps revealed peaks that could be assigned to the side-chain attached to one S atom, but development of this part of the model was complicated by partial disorder arising from overlap of the side-chain in the reverse orientation by attachment to the other S atom, as indicated in Figure 9 . This could not be resolved so the minor disordered fragment was not included in the refinement. Further disorder involved the anions. The cation charge requires 12 anions in the unit cell for neutrality. These were made up from six reasonably ordered PF 6 -anions in a general position.
Two more were rotationally disordered lying on a 3-fold axis coincident with the axial P-F bonds, so the equatorial F atoms were modelled over 9 equivalent sites. Two further PF 6 - anions were located on a 3-bar axis and were translationally disordered over 3 sites but could be modelled sensibly. At this stage a difference map revealed an isolated peak of ca 7 e Å -3 on a three-fold axis, surrounded at a distance of 2.9 Å by C-H bonds. This refined sensibly as an F -anion, providing the other two negative charges needed. An alternative interpretation of the electron density would be to assign four anions in total to the 3-bar site, and to refine the isolated peak as the O atom of an H 2 O of crystallisation, but this was thought to be less likely.
In the final refinement, the side-chain atoms and the disordered PF 6 -anion's F atoms, were treated isotropically and only the hydrogen atoms associated with the phenyl rings were included. This model led to a satisfactory refinement (R 1 = 0.0569) but there were still residual electron density peaks up to 4 e Å -3 (mostly associated with the disordered sidechain) and significant "solvent accessible voids" which indicates that the overall structure determination was not completely resolved. The basic features are unambiguous, but parameters involving the disordered sections will not be reliable.
In complex 3o·PF 6 the substituent on the sulfide centre is disordered so that it is equally distributed across both symmetry-related S atoms, generating 2-fold pseudo symmetry. This could be modelled in space group C2/c, Hydrogen atoms were not included for the organic fragment, only for the phenyl rings.
Supplementary data
Crystallographic data have been deposited with the Cambridge Crystallographic Data
Centre, CCDC Nos. 776311 (3a), 776313 (3e), 776312 (3h), 776314 (3m), and 776315 (3o).
Copies of this information can be obtained free of charge from The Director, CCDC, 12 
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